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VARIABLE AREA NOZZLE FOR GAS
TURBINE ENGINE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. Provisional Patent
Application No. 62/009,480, filed Jun. 9, 2014.

BACKGROUND OF THE INVENTION

This application relates to a gas turbine engine wherein a
cross-sectional area of a fan nozzle exit or throat may be
varied.

Gas turbine engines are known and, typically, include a
fan delivering air into a bypass duct as propulsion air. This
air 1s also utilized for cooling. The air 1s also delivered into
a core engine and into a compressor section. The air 1s
compressed and delivered into a combustion chamber where
it 1s mixed with fuel and 1gnited. Products of this combustion
pass downstream over turbine rotors, driving them to rotate.

It 1s known that the cross-sectional area of an exhaust
nozzle may be varied to provide different levels of power
under different flight conditions.

SUMMARY OF THE INVENTION

In a featured embodiment, a variable area fan nozzle
comprises an actuator flap and a follower flap. The actuator
flap has a portion 1n contact with a portion of the follower
flap. A bias member biases the follower flap outwardly. An
actuator actuates the actuator flap inwardly and outwardly
to, 1 turn, move the follower tlap against the bias member
and to vary an area of an exhaust nozzle. The flap actuator
1s operable to drive the actuator tlap out of contact with the
follower tlap into a thrust reverser position.

In another embodiment according to the previous embodi-
ment, a heat exchanger 1s positioned mnwardly of one of the
tollower tlap and the actuator tlap.

In another embodiment according to any of the previous
embodiments, the actuator 1s configured to move the fol-
lower flap to control airflow across the heat exchanger.

In another embodiment according to any of the previous
embodiments, the follower tlap has an upstream end which
1s configured to be moved away from an inner housing to
allow airflow across the heat exchanger, and 1nto contact
with the housing to block airflow across the heat exchanger.

In another embodiment according to any of the previous
embodiments, the upstream end 1s moved into contact with
the housing when the actuator flap 1s moved into the thrust
reverser position.

In another embodiment according to any of the previous
embodiments, the actuator has a stop position configured to
prevent movement of the actuator flap to the thrust reverser
position.

In another embodiment according to any of the previous
embodiments, the stop position 1s provided by a stop actua-
tor which 1s configured to be moved to provide a stop to a
linkage which 1s part of the actuator.

In another embodiment according to any of the previous
embodiments, the stop actuator 1s operable to move the stop
away Irom the stop position, such that the actuator may
move the actuator flap to the thrust reverser position.

In another embodiment according to any of the previous
embodiments, the actuator includes a sync ring configured to
be driven to cause inward and outward movement of the
actuator tlap.
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In another embodiment according to any of the previous
embodiments, there are a plurality of circumierentially
spaced ones of the actuator flap.

In another embodiment according to any of the previous
embodiments, a downstream end of the follower flap 1s
pivotally mounted to an inner housing wall.

In another embodiment according to any of the previous
embodiments, the actuator has a stop position configured to
prevent movement of the actuator flap to the thrust reverser
position.

In another embodiment according to any of the previous
embodiments, the stop position 1s provided by a stop actua-
tor configured to be moved to provide a stop to a linkage
which 1s part of the actuator.

In another embodiment according to any of the previous
embodiments, the stop actuator 1s operable to move the stop
away from the stop position, such that the actuator may
move the actuator flap to the thrust reverser position.

In another embodiment according to any of the previous
embodiments, the flap actuator includes a sync ring config-
ured to be driven to cause mnward and outward movement of
the actuator flap.

In another embodiment according to any of the previous
embodiments, there are a plurality of circumierentially
spaced ones of the actuator flap.

In another embodiment according to any of the previous
embodiments, a downstream end of the follower flap 1is
pivotally mounted to an inner housing wall.

In another embodiment according to any of the previous
embodiments, there are a plurality of circumierentially
spaced ones of the actuator flap.

In another embodiment according to any of the previous
embodiments, the flap actuator includes a sync ring config-
ured to be driven to cause mnward and outward movement of
the actuator flap.

In another embodiment according to any of the previous
embodiments, the flap actuator includes a sync ring config-
ured to be driven to cause inward and outward movement of
the actuator flap.

These and other features may be best understood from the
following drawings and specification.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows a gas turbine engine.

FIG. 2A shows a variable area nozzle 1n a first position.

FIG. 2B shows a second position.

FIG. 2C shows a third position.

FIG. 2D shows a fourth position.

FIG. 3A shows a second embodiment of a variable area
nozzle m a first position.

FIG. 3B shows a second position.

FIG. 3C shows a third position.

FIG. 4A shows a first position of an actuation structure.

FIG. 4B shows a second position.

FIG. SA shows a portion of a sync ring nozzle actuation
system linkage 1n a first position.

FIG. 5B shows a second position.

DETAILED DESCRIPTION

FIG. 1 schematically illustrates a gas turbine engine 20.
The gas turbine engine 20 1s disclosed herein as a two-spool
turbofan that generally incorporates a fan section 22, a
compressor section 24, a combustor section 26 and a turbine
section 28. Alternative engines might include an augmentor
section (not shown) among other systems or features. The
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fan section 22 drives air along a bypass flow path B 1n a
bypass duct defined within a fan case 15, while the com-
pressor section 24 drives air along a core tlow path C for
compression and communication into the combustor section
26 then expansion through the turbine section 28. Although
depicted as a two-spool turbofan gas turbine engine in the
disclosed non-limiting embodiment, 1t should be understood
that the concepts described herein are not limited to use with
two-spool turbofans as the teachings may be applied to other
types of turbine engines including three-spool architectures.

The exemplary engine 20 generally includes a low speed
spool 30 and a high speed spool 32 mounted for rotation
about an engine central longitudinal axis A relative to an
engine static structure 36 via several bearing systems 38. It
should be understood that various bearing systems 38 at
various locations may alternatively or additionally be pro-
vided, and the location of bearing systems 38 may be varied
as appropriate to the application.

The low speed spool 30 generally includes an 1nner shaft
40 that interconnects a fan 42, a first (or low) pressure
compressor 44 and a first (or low) pressure turbine 46. The
inner shait 40 1s connected to the fan 42 through a speed
change mechanism, which in exemplary gas turbine engine
20 1s 1llustrated as a geared architecture 48 to drive the fan
42 at a lower speed than the low speed spool 30. The high
speed spool 32 includes an outer shait 50 that interconnects
a second (or high) pressure compressor 52 and a second (or
high) pressure turbine 54. A combustor 56 1s arranged in
exemplary gas turbine 20 between the high pressure com-
pressor 52 and the high pressure turbine 54. A mid-turbine
frame 57 of the engine static structure 36 1s arranged
generally between the high pressure turbine 54 and the low
pressure turbine 46. The mid-turbine frame 57 further sup-
ports bearing systems 38 in the turbine section 28. The inner
shaft 40 and the outer shaft 50 are concentric and rotate via
bearing systems 38 about the engine central longitudinal
axis A which 1s collinear with their longitudinal axes.

The core airflow 1s compressed by the low pressure
compressor 44 then the high pressure compressor 52, mixed
and burned with fuel in the combustor 56, then expanded
over the high pressure turbine 54 and low pressure turbine
46. The mid-turbine frame 57 includes airfoils 59 which are
in the core airtlow path C. The turbines 46, 54 rotationally
drive the respective low speed spool 30 and high speed spool
32 1n response to the expansion. It will be appreciated that
cach of the positions of the fan section 22, compressor
section 24, combustor section 26, turbine section 28, and fan
drive gear system 48 may be varied. For example, gear
system 48 may be located aft of combustor section 26 or
even ait of turbine section 28, and fan section 22 may be
positioned forward or ait of the location of gear system 48.

The engine 20 1n one example 1s a high-bypass geared
aircraft engine. In a further example, the engine 20 bypass
rat1o 1s greater than about six (6), with an example embodi-
ment being greater than about ten (10), the geared architec-
ture 48 1s an epicyclic gear train, such as a planetary gear
system or other gear system, with a gear reduction ratio of
greater than about 2.3 and the low pressure turbine 46 has a
pressure ratio that 1s greater than about five. In one disclosed
embodiment, the engine 20 bypass ratio 1s greater than about
ten (10:1), the fan diameter 1s significantly larger than that
of the low pressure compressor 44, and the low pressure
turbine 46 has a pressure ratio that 1s greater than about five
5:1. Low pressure turbine 46 pressure ratio 1s pressure
measured prior to inlet of low pressure turbine 46 as related
to the pressure at the outlet of the low pressure turbine 46
prior to an exhaust nozzle. The geared architecture 48 may
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be an epicycle gear train, such as a planetary gear system or
other gear system, with a gear reduction ratio of greater than
about 2.3:1. It should be understood, however, that the above
parameters are only exemplary of one embodiment of a
geared architecture engine and that the present invention 1s
applicable to other gas turbine engines including direct drive
turbofans.

A significant amount of thrust 1s provided by the bypass
flow B due to the high bypass ratio. The fan section 22 of the
engine 20 1s designed for a particular flight condition—
typically cruise at about 0.8 Mach and about 35,000 feet
(10,668 meters). The flight condition of 0.8 Mach and
35,000 1t (10,668 meters), with the engine at its best fuel
consumption—also known as “bucket cruise Thrust Specific
Fuel Consumption (‘ITSFC’)’—is the industry standard
parameter of lbm of fuel being burned divided by Ibf of
thrust the engine produces at that minimum point. “Low fan
pressure ratio” 1s the pressure ratio across the fan blade
alone, without a Fan Exit Guide Vane (“FEGV”) system.
The low fan pressure ratio as disclosed herein according to
one non-limiting embodiment is less than about 1.45. “Low
corrected fan tip speed” 1s the actual fan tip speed in ft/sec
divided by an industry standard temperature correction of
[(Tram ° R)/(518.7° R)]”>. The “Low corrected fan tip
speed” as disclosed herein according to one non-limiting
embodiment 1s less than about 1150 ft/second (350.5 meters/
second).

FIG. 2A shows an embodiment of a vaniable area fan
exhaust nozzle 100 where a cross-sectional area A radially
inward of a nacelle 102 and outward of a moveable or flap
provided by follower flap portion 106 and an actuator flap
portion 114 can be varied. It should be understood that there
are plurality of circumierentially spaced flap portions 106
and 114. A heat exchanger 104 1s shown schematically, and
may be an air/o1l cooler, utilized for cooling o1l associated
with the engine.

The follower flap 106 1s pivoted at 108 to static structure.
A ditch 110 at a downstream end of the follower flap 106
receives a lip 118 of the actuator tlap 114. A spring 112,
shown schematically, biases the follower flap 106 radially
outwardly. The actuator flap 114 pivots about a pivot point
116 and 1s drniven by an actuator 120 to pivot radially
inwardly or outwardly. In the position shown 1n FIG. 2A, the
flow area A 1s at a minimum. This position may be utilized
during engine warm-up or operation on a cold day. An
upstream end 122 of the follower flap 106 1s 1n contact with
an 1nner surface 124. Note that pivot 108 1s downstream of
upstream end 122. In this position, no air passes across the
air o1l cooler 104.

FIG. 2B shows an intermediate position. This position 1s
consistent with portions of climb, cruise and descent, as well
as ground operation, on a warm day. The actuator 120 has
now pivoted the flaps 114 to a radially inner position relative
to the FIG. 2A position. The lip 118 biases the follower flap
106 against the bias force of the springs 112. In this position,
the upstream end 122 of the follower flaps 106 1s shown to
be spaced away from the housing surface 124. Thus, as can
be seen, some cooling air passes across the air/oil cooler
104.

FIG. 2C shows yet another position wherein the actuator
120 has caused the actuator flaps 114 to pivot even more
radially inwardly against the force of the springs 112. This
position 1s associated with hot day ground 1dle, take-ofl and
the beginning of climb of an associated aircrait. As shown,
the upstream end 122 1s spaced further away from the
surface 124, thus, maximizing the flow of cooling air across
the heat exchanger 104.
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FIG. 2D shows a thrust reverser position. As 1s known,
once an associlated aircraft lands, 1t 1s desirable to have a
reverse thrust to slow the aircraft down. The actuator 120
drives the actuator flap 114 radially outwardly and such that
the lip 118 1s no longer 1n contact with the ditch 110. The
tollower flaps 106 are now biased by the spring 112 such that
they extend radially outwardly and such that the upstream
end 122 1s 1n contact with the surface 124. The follower flaps
106 thus tend to drive air radially outwardly and against an
inner face 130 of the actuator flaps 114. As shown, the
propulsion air 1s now delivered 1n an opposed direction and
will tend to slow the associated aircratt.

FIG. 3A shows a second nozzle embodiment 140, which
operates similar to the embodiment 100 with the exception
that the cooling function 1s no longer provided. In this
embodiment, an upstream end of the follower tlap 142 1s
pivoted at 144 to the housing 124. The position shown in
FIG. 3A 1s similar to the fully closed position of FIG. 2A.

As shown 1n FIG. 3B, the nozzle 140 1s moved to its
maximum open position, such as shown i FIG. 2C.

FIG. 3C shows a thrust reverser position. Again, the
spring 112 has biased the follower flaps 142 radially out-
wardly such that they assist 1n directing air against the inner
surface 148 of the actuator flaps 114.

In each of the embodiments, the variable area nozzle
function 1s provided, along with a thrust reverser function.
Thus, separate thrust reversers may be eliminated.

FIG. 4A shows details of the actuator 120. As shown, a
piston 160 can be driven to a plurality of positions within a
fluid actuator 159. The fluid actuated flap actuator 159 1is
controlled by a control 180, which may be associated with

a control for the overall engine. A piston rod 161 1s pivoted
at 162 to a bell crank 164. The bell crank 164 1s also pivoted

at 166 to another link 168. Link 168 drives a flange 171
through a ball joint 170. Flange 171 causes rotation of a sync
ring 172.

As shown 1n this Figure, there 1s a stop 174. Stop 174 1s
driven by a linear actuator 176. The linear actuator 176 may
be a simple two position actuator and 1s also controlled by
the control 180. The stop 174 ensures that the actuator 159
will not madvertently drive the flaps to the thrust reverser
position.

FIG. 4B shows the thrust reverser position. The stop 174
has been retracted and the flange 170 can be seen to have
moved beyond the FIG. 4A position.

While a single stop 1s illustrated, 1n practice a redundant
stop, €.g., 1n the flap actuator 159, may be included.

Thus, the flap actuator 159 for the actuator flap 114 has a
stop position (FIG. 4A) which prevents movement of the
actuator flap 114 to the thrust reverser position (FIGS. 2D
and 3C).

FIG. 5A shows sync ring 172, links 182, and the flaps 114.
As can be appreciated, rotation of the sync ring 172 1n a first
direction causes the links 182 to extend generally radially
outwardly and move the flaps 114 radially outwardly. Rota-
tion of the sync ring 172 1n an opposed direction, as shown
in FIG. 8B, causes the links 182 to move inwardly and, 1n
turn, bring the flaps 114 radially inwardly.

While a particular actuation structure i1s disclosed, a
worker of ordinary skill 1n this art would recognize that any
number of other actuator types would come within the scope
of this application.

In summary, a variable area fan nozzle 100/140 comprises
an actuator flap 114 and a follower flap 106/142. The
actuator flap 114 has a portion 118 1n contact with a portion
110 on the follower tlap 106/142. A bias member 112 biases
the follower tlap 106/142 radially outwardly. A flap actuator
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120 actuates the actuator flap 114 radially mmwardly and
outwardly to, 1n turn, move the follower flap 106/142 against
the bias member 122 and vary an area A of a fan exhaust
nozzle. The flap actuator 120 1s operable to drive the actuator
flap 114 out of contact with the follower flap 106/142 into a
thrust reverser position (FIGS. 2D and 3C).

Although an embodiment of this invention has been
disclosed, a worker of ordinary skill in this art would
recognize that certain modifications would come within the
scope of this invention. For that reason, the following claims
should be studied to determine the true scope and content of
this 1nvention.

The mvention claimed 1s:

1. A vaniable area fan nozzle comprising:

an actuator flap and a follower flap, said actuator tlap

having a portion in contact with a portion of said
follower flap, a bias member biasing said follower flap
outwardly;

an actuator for actuating said actuator flap mnwardly and

outwardly to, 1n turn, move said follower flap against
the bias member and to vary an area ol an exhaust
nozzle; and

said actuator being operable to drive said actuator tlap out

of contact with said follower flap 1nto a thrust reverser
position.

2. The variable area nozzle as set forth 1in claim 1, wherein
a heat exchanger 1s positioned immwardly of one of said
follower flap and said actuator flap.

3. The variable area nozzle as set forth 1n claim 2, wherein
said actuator being configured to move said follower flap to
control airflow across said heat exchanger.

4. The variable area nozzle as set forth 1n claim 3, wherein
said upstream end 1s moved 1nto contact with said housing
when said actuator flap 1s moved into said thrust reverser
position.

5. The variable area nozzle as set forth 1in claim 4, wherein
said actuator has a stop position which 1s configured to
prevent movement of said actuator flap to said thrust
reverser position.

6. The variable area nozzle as set forth in claim 5, wherein
said stop position being provided by a stop actuator which
1s configured to be moved to provide a stop to a linkage
which 1s part of said actuator.

7. The variable area nozzle as set forth 1n claim 6, wherein
said stop actuator 1s operable to move said stop away from
said stop position, such that said actuator may move said
actuator flap to said thrust reverser position.

8. The variable area nozzle as set forth 1n claim 7, wherein
said actuator including a sync ring which is configured to be
driven to cause mmward and outward movement of said
actuator tlap.

9. The variable area nozzle as set forth 1n claim 7, wherein
there are a plurality of circumierentially spaced actuator
flaps.

10. The wvariable area nozzle as set forth in claim 7,
wherein there are a plurality of circumierentially spaced
actuator flaps.

11. The vaniable area nozzle as set forth in claim 10,
wherein said flap actuator including a sync ring which 1s
configured to be driven to cause imnward and outward move-
ment of said actuator flap.

12. The variable area nozzle as set forth in claim 2,
wherein said follower flap has an upstream end which 1s
configured to be moved: (a) away from an inner housing to
allow airflow across said heat exchanger; and (b) into
contact with said housing to block airtflow across said heat
exchanger.
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13. The variable area nozzle as set forth in claim 12,
wherein a portion of said follower flap, which 1s downstream
of said upstream end, 1s pivotally mounted to an inner
housing wall.

14. The variable area nozzle as set forth in claim 1, 5
wherein said actuator has a stop position which 1s configured
to prevent movement ol said actuator flap to said thrust
reverser position.

15. The variable area nozzle as set forth in claim 14,
wherein said stop position being provided by a stop actuator 10
which 1s configured to be moved to provide a stop to a
linkage which 1s part of said actuator.

16. The variable area nozzle as set forth in claim 15,
wherein said stop actuator 1s operable to move said stop
away Irom said stop position, such that said actuator may 15
move said actuator flap to said thrust reverser position.

17. The variable area nozzle as set forth in claim 16,
wherein said flap actuator including a sync ring which 1s
configured to be driven to cause inward and outward move-
ment of said actuator flap. 20

18. The variable area nozzle as set forth in claim 17,
wherein there are a plurality of circumierentially spaced
actuator tlaps.

19. The variable area nozzle as set forth in claim 18,
wherein a portion of said follower tlap, which 1s downstream 25
ol an upstream end, 1s pivotally mounted to an imnner housing
wall.

20. The wvariable area nozzle as set forth in claim 1,
wherein said flap actuator including a sync ring which 1s
configured to be driven to cause inward and outward move- 30
ment of said actuator flap.
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